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Background
This contribution provides TP for TR 37.815 on the methods for SAR limits.
Text Proposal
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5
Power class definition for EN-DC
5.1
Power class
For EN-DC with 1 LTE FDD band and 1 NR TDD band, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms). For the example band combination DC_3A_n78A, the maximum output power can be specified as in Table 5.1-1.
Table 5.1-1 Maximum output power for EN-DC
	DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_3A_n78A
	26
	+2/-31
	23
	+2/-31

	NOTE 1:
refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
PPowerClass_EN-DC is the maximum UE power specified without taking into account the tolerance

NOTE 3:
For inter-band EN-DC the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


5.2
Power combination of the power class
As stated in section 4.2, two power combinations are studied i.e.
Case1: LTE FDD power class 3 (23dBm), NR TDD power class 3 (23dBm) and EN-DC power class 2 (26dBm)

Case2: LTE FDD power class 3 (23dBm), NR TDD power class 2 (26dBm) and EN-DC power class 2 (26dBm) 
Unless otherwise stated, requirements written in TS 36.101-1 [5] and TS 38.101-1 [3] apply for LTE and NR transmitters respectively.
6
Solutions for SAR Compliance
6.1
General
To accommodate the SAR limits of the PC2 FDD-TDD High Power UE, a combined UE based and network-based solution is considered in the study phase. In the network-based solution, there will be a threshold based on the duty cycle and power settings of LTE and NR, the PC2 UE is assumed to be capable of maintaining the PC2 power if the network setting or scheduling does not exceed the threshold. In addition to the network based solution, a UE based solution based on the autonomous UE maximum power backoff mechanism, i.e., P-MPR, can further allow the UE to ensure SAR compliance. For the network-based solution following different schemes were discussed in the SI.
6.2
Case1 of power class 2
6.2.1
Scheme 1
The following equation is applied between the LTE UL duty cycle, NR UL duty cycle and the overall duty threshold.
· DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26)  ≤ Duty threshold
….(1)

PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the maximum uplink percentage of LTE, NR respectively. Duty threshold represents the maximum UL duty cycle that can maintain the PC2 power class for FDD+TDD EN-DC HPUE.
In the case 1 of power class 2 FDD-TDD EN-DC UE, the maximum uplink power of LTE and NR are both 23dBm.By setting the PLTE, PNR to be 23dBm, equation (1) can be simplified to the following equation.
· 0.5*DutyLTE  + 0.5*DutyNR  ≤ Duty threshold
….(2)
DutyNR, the uplink percentage of the NR TDD part is determined by scheduling. DutyLTE, the maximum uplink percentage of the LTE FDD, can be set up by TDM pattern or determined by scheduling. The maximum uplink percentage of LTE FDD might be adjusted in order to keep the PC2 power.

The PC2 case 1 UE is allowed to fallback to PC3 if the LTE uplink scheduling or the TDM pattern setting of the LTE UL, together with the scheduled NR uplink duty cycle exceeds the duty threshold based on the equation (2).
6.2.2
Scheme 2
Specific LTE reference configurations are defined for FDD-TDD EN-DC HPUE duty cycle capability reporting. The reported capability is maximal NR UL duty which can fulfil SAR limits when assuming LTE FDD side being configured as the defined reference configurations with the maximum UL power.
For case 1, the LTE reference configuration can be DutyLTE=70%. The default value of NR UL duty capability can be 30% i.e. “DutyLTE=70% and PLTE=23dBm”, corresponding to default DutyNR=30%, PNR=23dBm.
Higher DutyNR value can be reported as the UE capability e.g. maxNRDuty. If the scheduled traffic fulfils DutyLTE<70% and DutyNR< maxNRDuty, UE can maintain PC2 power.
For better flexibility, two LTE configurations are supported. Based on the two LTE configurations {DutyLTE1, DutyLTE2}, UE optimizes its SAR compliance capability and reports two DutyNR separately, e.g. {maxNRDuty1, maxNRDuty2}.
6.3
Case2 of power class 2

6.3.1
Scheme 1

The following equation is applied between the LTE UL duty cycle, NR UL duty cycle and the overall duty threshold.
· DutyLTE *( PLTE/ P26) + DutyNR *(PNR/ P26)  ≤ Duty threshold
….(1)

PLTE, PNR, P26 represent the maximum linear power (mW) of LTE, NR, and EN-DC power class 2 respectively; DutyLTE, DutyNR represent the maximum uplink percentage of LTE, NR respectively. Duty threshold represents the maximum UL duty cycle that can maintain the PC2 power class for FDD+TDD EN-DC HPUE.
In the case 2 of power class 2 FDD-TDD EN-DC UE, the maximum uplink power of LTE and NR are 23dBm and 26dBm respectively. By setting the PLTE, PNR to be 23dBm and 26dBm, equation (1) can be simplified to the following equation. But note that in case 2 PC2 UE, the total maximum power of LTE and NR cannot exceed 26dBm when transmitting both LTE UL and NR UL at the same time.
· 0.5*DutyLTE  + DutyNR  ≤ Duty threshold….(2)
As same as the scheme in section 6.2.1, DutyNR is determined by scheduling. DutyLTE can be set up by TDM pattern or determined by scheduling. 
The PC2 case 2 UE is allowed to fallback to PC3 if the LTE uplink scheduling or the TDM pattern setting of the LTE UL, together with the scheduled NR uplink duty cycle exceeds the duty threshold based on the equation (2). 
6.3.2
Scheme 2
Specific LTE reference configurations are defined for FDD-TDD EN-DC HPUE duty cycle capability reporting. The reported capability is maximal NR UL duty which can fulfil SAR limits when assuming LTE FDD side being configured as the defined reference configuration with the maximum UL power. 

For case 2, the LTE reference configuration can be DutyLTE=40%. The default value of NR UL duty capability can be 30% i.e. “DutyLTE=40% and PLTE=23dBm”, corresponding to default DutyNR=30%, PNR=26dBm.
Higher DutyNR value can be reported as the UE capability e.g. maxNRDuty. If the scheduled traffic fulfils DutyLTE<40% and DutyNR< maxNRDuty, UE can maintain PC2 power.
For better flexibility, two LTE configurations are supported. Based on the two LTE configurations {DutyLTE1, DutyLTE2}, UE optimizes its SAR compliance capability and reports two DutyNR separately, e.g. {maxNRDuty1, maxNRDuty2}.
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